A New Technique For Determining 

The pH Of Whole Tobacco Smoke 


A. J. Sensabaugh, Jr. and R. H. CundifF 

Research DeparfiriGnf, R. J, RGynoids Tobacco Oompany 

Winston-Salem, North Carolina, U.S.A. 


• smoke 
ite that 
.1 vapor 
:!ol and 
a smok- 
also in- 
methyl 
depend- 
;anol on 
fonned 
Tobacco. 


‘Ped for 
. nitrite 
tte. The 
ing the 
!• smoke 
srarettes 
which 
:e from I 
■d could 
ation of 
iiixturesj 
n which 
■ ide. 


Steven-i 

•analysis' 

Chroma-, 

■fer, and 
le dura-. 
puff oa; 
; filters,} 
• 1. ^ 

iackney.i 
xide and^ 
e smoke; 
■ses. ro-| 
'.9. I 

:tric mi’3 
ten dioi| 
1. Chem-A 


Gloss 

Electrode 


Reference 

Electrode 


To pH Meter 


Combridge Filler 


To Smoking Mochine 


Smoke Chomber 


A.Original Smoke Train 


Modified 

Combination 

Electrode 


pH Meter 


To Filters and Smoking 
Mochine (some as in A) 


Smoke Chomber 


W . 


B.Modified Smoke Train 


I. [a, b). Smote trains. 




(Tobacco Science S5J 


The efforts to quantitate certain 
quality factors in cigarette smoke 
that have been variously described as 
“bite” or "strongness” have involved 
the search for comparatively simple 
tests which would indicate the acidic 
or basic nature of the smoke. Al¬ 
though the definition of pH would 
tend to preclude its use in defining 
an aerosol system, pH-related studies 
of cigarette smoke have been fre¬ 
quently reported in the literature. 
Grob (1), for example, described a 
method for determining the pH and 
buffering capacity of cigarette smoke 
using the smoke condensate removed 
by a cotton filter. Shmuk and Holes- • 
nik (13) reported pH values ranging 
from 5.6-8.5 from the smoke of vari- 
; ous types of tobacco. Kobishi, et al 
(9) listed values for pH of smoke of 
Turkish, flue-cured, hurley, and na¬ 
tive Japanese tobaccos. Other w'ork- 
ers (10, 12) have published pH 
values based on a simple perform-., 
ance test of the smoke condensate 
solution. 

In most of these studies, the smoke 
condensate from several cigarettes 
was dissolved in water and the pH 
of the resulting solution determined. - 
The effect of the vapor phase of the 
smoke was arbitrarily eliminated due . 
to the method of collecting the con¬ 
densate. Although some acid-base 
comparisons of smoke may be made 
by investigating only the condensate 
from the whole smoke, there is pres¬ 
ently no Way to properly assess the 
effect of the gas pht-ise or to corre¬ 
late the information obtained with 
the puff-by-puff experiences of the 
smoker. 

Following the precedent estab- ' 
lished in the prior art, the term “pH 
of smoke” is used in this study to de¬ 
scribe the acid-base effect of whole 
smoke on an aqueous film under care- ' 
fully prescribed conditions. This 
study provides a more rapid and so- ; 
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■ phisticated approach toward making 

pH-related measurements of tobacco 
smoVe. The procedure also enables 
comparison of the pH effect of whole 
smoke on a puff-by-puff basis. 

Effect of Whole Smoke on a pH 
Indicating System 

In preliminary tests whole smoke 
was passed across a calomel-glass 
electrode system as shown in Figure 
lA. After several puffs svere taken, 
a definite pH reading was observed. 
The reading was reproducible, gave 
different values for the various types 
of tobacco, and responded to changes 
in the acidity or basicity of the 
smoke. The establishment of a pH 
reading was presumably due to the 
formation of a conducing film of 
smoke condensate across the surface 
between the glass and calomel elec¬ 
trodes which would establish a po¬ 
tential proportional to the hydrogen 
ion concentration of the film at the 
surface of the glass electrode. The 
pH of the film would depend upon the 
acid-base balance in the film and the 
effect of the vapor phase that sur¬ 
rounds it. Karnienski and coworkers 
(2-3) have published several papers 
on the detection of acids and bases 
in nonconducting gas or liquid 
through the use of a metallic adsorp¬ 
tion electrode, coated with silicic acid 
containing a small amount of quin- 
hydrone. These workers demon¬ 
strated that a conducting medium be¬ 
tween the reference and indicating 
electrode had to be established before 
potential changes were observed. The 
potential obtained was dependent 
upon both the thickness and type of 
mediurn used. Since the glass elec¬ 
trode is specific for hydrogen ion, 
the potential established by a film of 
water between the reference and 
glass electrodes should be responsive 
to the passage of an aerosol such as 
smoke across the film. 

Design of Electrode and 
Smoking Train 

The original smoking system 
shown in Figure lA was subject to 
random electrical interferences. A 
more stable system was achieved by 
substituting a combination electrode 
for the glass-calomel pair and by 
making minor changes in the smoke 
train. The final system consisted of 
a smoke train, a modified combina- 
tion electrode, pH meter and recorder 
arranged as shown in Figure IB. 
Modification of the electrode in¬ 
volved removing about one inch of 
the outer glass jacket, replacing the 
seal with four rubber “0” rings and 
adding a longer linen thread. De¬ 
tails of the modified electrode are 


Table t. 

Type of Cigarette 

pH of Cigarette Smoke 

Minimum pH Maximum 



Mean 

Low 

High 

Mean 

Low 

Hi^h 

70 mm. blended, nonfilter 

5.80 

5.70 

5.81 

5.98 

5.82 

6.03 

85 mm. blended, nonfilter 

6.82 

5.77 

5.80 

6,00 

5.91 

6.06 

85 mm. blended, cellulose 
acetate filter 

5.91 

5.85 

5.96 

6.09 

6.04 

• 

• 

6.14 

85 mm. blended, cellulose 
"S-cetate-charcoal filter 

6.15 

6.06 

6.25 

6.33 

6.23 

G.40 ; 

1 

70 mm. flue-cured, nonfilter 

5.70 

5.66 

5.76 

5.84 

5.80 

5.89 5 

< 

70 mm. hurley, nonfilter, 
uncased 

6.62 

6.48 

6-39 

7,14 

6.95 

A 

7.76 \ 

* 

76 mm. hurley, nonfilter, 
cased 

6.3G 

6.28 

6.45 

6.77 

6.65 

6.S-5 ; 

1 i 


shown in Figure 2. 

Reagents and Apparatus 

Smoking Machine. Pilaraatic Vial 
Filler, Model AB-5, modified to 
take a 35-m!. puff of 2 seconds 
duration once each minute (1). 

Smoke Collecting Assembly. 
Smoke chamber, electrode hold¬ 
er, Cambridge filter assembly, 
gas washing bottle. 

pH Meter. L N Model No. 7403, 
or equivalent. The meter prefer¬ 
ably should have the expanded 
scale feature, assignable to any 
2 pH range. 

Electrode. Beckman Combination 
Electrode No. 39183, modified as 
shown in Figure 2. 

Recorder. Leeds and Northrop 
Speedoma.x W or equivalent. 

Buffer Solutions. pH 4, 6, 7 and 

10 . 

Procedure 

Assemble the smoke collection as¬ 
sembly and equipment as shown in 
Figure IB. Set the pH meter on ex¬ 
panded pH range of 5 to 7 and ad¬ 
just the meter with the pH 7 buffer 
solution. Check the meter accuracy 
with the pH 6 buffer solution and re¬ 
turn electrode to the pH 7 buffer so¬ 
lution. Remove the electrode from 
the buffer solution and wipe with tis¬ 
sue to remove excess solution, but do 
not completely dry the electrode. 
Place the electrode in the smoking 
assembly and observe the reading on 
the pH meter. The pH reading 
should be between 5.D and 6.1. If 
necessary, repeat the above proced¬ 


ure until this specified pH reading is 
obtained. Place the cigarette to be 
smoked into the holder and turn on 
smoking machine and recorder.^ 
Light the cigarette as the first pulL 
is taken. Take the desired number: 
of puffs or smoke the desired amount’ 
of the cigarette rod. Read the pH I 
values directly from the recorder! 
chart. Remove the electrode froms 
the smoke chamber, wipe with tissue,’ 
rinse with water, and place the elec- 
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Figure 6. {<:). Recording cf burle/ tobacco smote. 


Figure 7 . pH Recording of ceMuIose imoke. o 


in sii2^3.r content, in SninplG plG C closely approximates that real- ettes made from three grades of ^ r t 

C was highest iti nicotine and lowest ized from a regxilar blended cigar- cased burley tobacco. The hurley t( 

in sugar content; in Sample B was ette.^ bacco cigarettes used in Figure ^a]j; 

intermediate in both nicotine and Figures 6a, b, and c show the pH contained a low amount of nicotiU' irij 
sugar content. The curve for Sam- curves realized from smoking cigar- whereas the one used in Figure 
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whereas in tobacco smoke the pH in¬ 
creased during the puff and de¬ 
creased until the succeeding puff. 

A system was designed whereby 
controlled amounts of acidic 'and 
basic vapor or mixtures of these 
vapors could be added directly to 
either a 35-ml. puff of air or smoke. 
The addition of nicotine or ammonia 
to 35 ml- of air immediately in¬ 
creased the pH to the 8 or 3 range. 
Addition of acetic acid vapor to a 
3S"ml. puff of air immediately re¬ 
duced the pH to the 4 to 5 range. A 
mixture of acetic acid and nicotine 
yielded a curve somewhat similar to 
the curve observed for cigarette 
smoke. Proper adjustment of the 
ratio of nicotine to acetic acid would 
give a pH curve in the same range of 
blended tobacco smoke. The addition 
of more acidic vapor such as HCI 

(Tobdeco Science S9J 


irec grades (J 
■p. The burl; 
sed in Figu: 
nount of nic 
sed in Fig 


btained a high amount of nicotine. 
“■ one.used in Figure Gb was inter- 
iate betwoen the two. The wider 
sd between ma.xima and minima, 
increase in pH as 
^^garette is consumed not only 
icterize hurley tobacco smoke, 
*size that more than just 
igitine is involved in regulating the 
(B^of tbe smoke. 

■K^lulose rods were smoked using 
• t^hnique to determine the type 
jye that Would be obtained from 
no organic bases, 
of organic 
be seen in Figure 7 
iD^t^only did the pH range drop 
*0 ceDulo.se smoke, but also an 
T different shape curve was 
pH dropped sharply 
? t * remained fairly 

”i until the succeeding puff. 



would immediately decrease the pli 
to a zero reading. 

Direct addition of acetic acid or 
nicotine to the smoke aerosol brought 
about a change in pH; however, this 
change was slower and not of the 
magnitude as the change observed 
upon addition of these vapors to a 
35-mI. puff of air. 

The effect of one puff on the pH 
of the following puff tvas demon¬ 
strated by taking alternate puffs 
from a flue-cured cigarette and a 
hurley cigarette. As shown in Figure 
8, a large difference was noted be¬ 
tween the pH of the puffs; however, 
it was not as large as if the two cig¬ 
arettes were smoked separately. The 
passage of air across a clean elec¬ 
trode equilibrated at pH 6 had only a 
minor effect on the film in that a 
slight decrease of a few hundredths 
of a pH unit was observed; however, 
if air was passed across an electrode 
with smoke deposits on it, a definite 
change in pH was obseiwed. The 
passage of air across the electrode 
would be expected to remove some of 
the volatile material which would af¬ 
fect the pH of the smoke film. Any 
condition which brings about a 
change in the acid-ba.se ratio of the 
film on the electrode will I'esult in a 
pH change whether the result is the 
loss or gain of an acidic or basic 
component. 

Discussion 

Examination of the curve profile 
of a single puff shows that the inter¬ 
action of the smoke components and 
the film on the electrode is very dy¬ 
namic. Assuming the change in po¬ 
tential to be due entirely to a pH 
change of the aqueous film on the 
electrode, then it is apparent that the 
mechanism for transfer of the acidic 
and basic components to that film 
depends upon several factors. Dur¬ 
ing the puff the pH rises sharply in¬ 
dicating either the loss of acid from 
the film or the gain of base in the 

film. After the puff has been taken, 
a sharp decrease in pH is observed 
which indicates either a loss of basic 
material from the film or the adsorp¬ 
tion of acidic material in the film. 
Since smoke is an aerosol consisting 
of both vapor and particulate phases, 
each in all probability having differ¬ 
ent pH characteristics, it would be 
expected that they would affect the 
pH differently under the dynamic 
conditions during the puff and the 
less dynamic conditions after the puff 
has been taken. The mogt likely ex¬ 
planation of the puff profile curve 
would be adsorption of the more 
basic fraction during the puff and 
then reaction of the film with the 
more acid vapor phase of the smoke 
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after the puff. However, the com¬ 
plexity of the aerosol, the interaction 
of the smoke fraction depo.sited on 
the electrode and the vapor phase, 
the rate of solution, the rate of reac¬ 
tion, and the other different dynamic 
conditions of the smoking cycle 
would require extensive investiga¬ 
tion before an accurate explanation 
of the curve could be realized. Since 
the glass electrode is specific to hy¬ 
drogen ion concentration, the value^. 
observed are indicative of the acid- 
base ratio of smoke and can be used 
to make comparative tests for cigar¬ 
ette smoke using the described condi¬ 
tions. This was demonstrated with 
the addition of basic and acidic 
vapors to smoke. The effects of the 
acid-base ratio change by those addi¬ 
tions were readily observed. 

Obtaining the 5.9-6.1 pH range 
before smoking is not critical for dif¬ 
ferent types of tobacco that yield 
large amounts of basic material; 
however, when comparing blended 
cigarettes, it is important that a con¬ 
stant reference point be established. 
The electrode can be buffered to any 
desired pH by use of the proper 
buffer solution. Unless most of the 
buffer solution is removed from the 
electrode, the shape of the curve as 
well as the reproducibility will be 
considerably affected. A small piece 
of chamois skin, dampened with the 
buffer solution, has been used with 
good results for leaving a uniform 
film on the electrode. 

The procedure is an empirical one 
and the results wilt depend upon the 
conditions under which the measure¬ 
ments are made. It should find its 
main utility in comparative work. 
The techniques employed in this 
study could probably also be applied 
to different types of electrode sys¬ 
tems such as the electrodes investi¬ 
gated by Kamienski (4) and yield 
more information on the oxidizing 


and reducing characteristics of 
smoke. 
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